Dynamic and efficient resuscitation strategies are now being implemented in severely injured hemodynamically unstable (HU) patients as blood products become readily and more immediately available in the trauma room. Our ability to maintain aggressive resuscitation schemes in HU patients allows us to complete diagnostic imaging studies before rushing patients to the operating room (OR). As the criteria for performing computed tomography (CT) scans in HU patients continue to evolve, we decided to compare the outcomes of immediate CT versus direct admission to the OR and/or angio suite in a retrospective study at a government-designated regional Level I trauma center in Cali, Colombia.
M ost severe trauma-induced deaths are the result of uncontrolled hemorrhage. [1] [2] [3] Damage-control resuscitation, efficient hemorrhage source identification, and expeditious surgical and/or angiographic hemostasis have become therapeutic cornerstones in achieving improved outcomes in these patients. 4 Efficient hemorrhage source identification requires an accurate diagnostic modality with high image quality. Computed tomography (CT) has evolved to become this standard evaluation tool but is limited by concerns over the logistical challenges of transporting the hemodynamically unstable (HU) patient to the radiology suite, the potential delay in definitive treatment and a preconceived notion of an inherent increased risk of mortality in patients with active bleeding while the scan is performed. 5 These traditional concerns regarding the safe transfer of unstable patients to CT have changed in part not only because of the close proximity of most modern trauma bays to a high-quality CT scanner but also because of the speed with which a comprehensive body scan can now be acquired and the ongoing close monitoring coupled with active resuscitation provided while images are obtained. 6 One of the greatest decision-making dilemmas in trauma critical care stems from the fact that it is often HU patients without an obvious primary source or potentially multiple sources of hemorrhage who not only have most to gain from the important information provided by a CT scan but also are the group at greatest risk from any potential delay. 6 The integration of whole-body CT into early trauma care can orient the nature of the surgical intervention required and potentially increase the survival rates of HU severely injured blunt trauma patients. select traumatic injuries along with an evolving understanding of the morbidity associated with nontherapeutic open surgical procedures has highlighted the importance and need of balancing speed and accuracy of diagnosis. We therefore sought to compare the outcomes of immediate CT versus direct admission to the operating room (OR) and/or angio suite in HU severely injured blunt and penetrating trauma patients.
PATIENTS AND METHODS
A cross-sectional study at a Level I trauma center from Cali, Colombia, was performed during a 2-year period between January 2012 and December 2013. This government-designated Level I institution meets all the criteria that a US trauma center must fulfill to be designated as such by the American College of Surgeons. Data were obtained retrospectively from the Fundacion Valle del Lili trauma medical records included in the Panamerican Trauma Society Registry. This is one of the largest private trauma centers of the southwest region of the country and serves as a regional trauma referral institution for both civilian and military casualties. It is also a major teaching facility for medical and surgical residency programs, including a trauma and acute care surgery fellowship. The institution receives an average of 10,000 to 12,000 trauma cases per year. The study protocol and the trauma registry used were approved by the hospital ethics committee and its institutional review board. All adult patients (≥15 years) severely injured (Injury Severity Score [ISS] >15) who met criteria of hemodynamic instability (systolic blood pressure [SBP] <100 mm Hg and/or heart rate [HR] > 100 beats/min and/or ≥4 U of packed red blood cells [PRBCs] transfused in the trauma bay) were included. Isolated head trauma, burn, pregnant, and trauma patients who experienced a prehospital cardiac arrest or who were dead on arrival were excluded. Interfacility transferred patients who underwent any surgical intervention at the initial referring center were also excluded. Missing trauma registry data points were searched and completed upon direct revision of the medical records of all included patients. Reviewed patients were divided into two groups: those who received CT scans immediately upon arrival (CT group) and those who went directly to the OR and/or angio suite (OA group) (Fig. 1) . The obtained data were from a real-world clinical environment where the triage to either the CT or OA group relied solely on the clinical judgment of the on-call faculty-level/ board-certified trauma surgeon. CT scans were performed in a 64-slice multidetector scanner, which is located in close proximity to the trauma bay (30 m). Each patient was accompanied by the complete trauma team (faculty-level/boardcertified trauma surgeon, faculty-level/board certified general surgeon, faculty-level/board-certified emergency physician, three trauma nurses, a scribe, a radiology and laboratory technician), while he or she was in the scanner. A faculty-level/boardcertified radiologist was also present during each scan and officially completed the reading of each study in real time and in the presence of the treating trauma surgeon. Blood and blood product transfusions were initiated in the trauma bay and were continued in and during the scanner as needed. The main study outcome was to compare the overall mortality rates among both groups, and a secondary goal was to further determine if the deceased (specifically in the CT group) occurred in the scanner and/or during their intrahospital transfers. Mortality was defined as in-hospital death. We also reviewed if CT scanning was helpful in the decision-making process of operative versus nonoperative management of these HU severely injured patients.
Variables were analyzed descriptively and compared between CT and OA groups. Continuous variables were summarized as median with interquartile range (IQR), and they were compared using parametric (t tests) or nonparametric tests (Wilcoxon rank-sum) according to their distribution. Categorical variables were summarized as absolute and relative frequencies and were compared using w 2 or Fisher's exact tests depending on their group size. Mortality comparisons among study groups were performed, ISS stratified using the Mantel-Haenzsel test estimates of the odds ratio. Values of p < 0.05 were used to indicate statistical significance. All statistical analyses were performed using STATA software (StataCorp, Texas, USA).
RESULTS
During the study period, a total of 428 adult patients with severe trauma (ISS > 15) were seen at our Level I trauma center. Of these, 281 patients (65.7%) were HU upon arrival, of which 110 (39.1%) met exclusion criteria. Of the 281 severely injured HU patients in the registry, 171 (60.9%) met final inclusion criteria, where 72% (123 of 171) had penetrating injuries (76% of the penetrating injuries were gunshot wounds), mean (SD) age was 32 (13.9) years, 90% were male, and the mean (SD) ISS was 26.6 (12.6) ( Table 1) .
Of the reviewed patients, 80 (47%) of 171 were taken immediately to the CT scanner (CT group) before deciding their definitive management. Table 2 shows the CT scans performed. The remaining 91 (53%) of the 171 patients went directly to the operating room, and 8 of them went to the angio suite after their initial operation (OA group) (Fig. 1) . Table 3 describes the surgical procedures performed. Of the CT group, 43 (54%) were managed nonoperatively (Table 4) , and the remaining 37 (46%) underwent surgery following their CT scan (CT OA subgroup) ( Table 3) . Of these 37 patients, 2 (5.4%) required further management in the angio suite following surgery.
A total of 133 (78%) of the 171 patients had SBP less than 100 mm Hg and a total of 31 (18%) of the 171 patients were labeled as HU based solely on the pulse rate of greater than 100. Of these 31 patients, 16 belong to the CT group (51.6%) and 15 to the OA group (48.4%). Overall mean (SD) shock index (SI) was 1.4 (0.5). All the patients had an SI of greater than 0.7 and only 13 (7.6%) of the 171 patients had an SI between 0.7 and 0.9 (occult shock interval). The remaining 158 (92.4%) of the 171 patients had an SI of 0.9 or greater.
The most common mechanism of trauma found in our study was penetrating with 72% (123 of 171) of cases, of which 76% were gunshot wounds, 50% were multiple gunshot wounds (62 of 123), 16% were from explosions, and 8% were stab wounds. The remaining 28% (48 of 171) was blunt trauma, of which 85% was secondary to road traffic collisions and the remaining 15% to falls and aggressions. The total percentage of noncompressible torso hemorrhage was 85% (68 of 80) in the CT group and 90% (82 of 91) in the OA group.
For the CT group, the median transfused PRBC units per patient were 4 (IQR, 2-5). Of these 19 patients, 10 had penetrating injuries (52.6%): 4 lung, 4 liver, 3 head, 2 diaphragm, 2 small bowel, 2 vascular, 1 kidney, 1 spleen, 1 bladder, 1 colon, and Whole-body CT scan,* n (%) 38 (48) Head/neck and thorax, n (%) 10 (13) Head/neck and abdomen/pelvis, n (%) 8 (10) Thorax and abdomen/pelvis, n (%) 8 (10) Abdomen/pelvis, n (%) 6 (7) Extremities, n (%) 6 (7) Thorax, n (%)
4 (5) *Includes head, cervical spine, thorax, abdomen, and pelvis. 10 (11) 1 (3) 11 (9) Amputation, n (%) 6 (7) 5 (14) 11 (9) Femur fracture fixation, n (%) 2 (2) 7 (19) 9 (7) Pelvic fracture fixation, n (%) 4 (4) 2 (5) 6 (5) Craniotomy, n (%) 0 (0) 4 (11) 4 (3) Other fracture fixation, n (%) 0 (0) 3 (8) 3 (2) 1 stomach injury. The remaining nine patients had blunt trauma (47.4%): four liver injuries, four femur fractures, three head injuries, two pelvis fractures, two vascular injuries, two lung injuries, one spleen injury, one kidney injury, and one rectal injury. The median PRBC transfused was 4 (IQR, 2-4) for the 9 blunt trauma patients and 4.5 (IQR, 2.3-5.8) for the 10 penetrating trauma patients. Transfusions were continued as needed in the scanner. The median SI (HR/SBP) in the OA group was 1.3 (IQR, 1-1.6) and 1.2 (IQR, 0.9-1.4) in the CT group (Table 1) . Overall mortality rate was 15% (26 of 171). Sixteen of these patients were part of the OA group (61.5%), of whom 6 (37.5%) died in the operating room and the remaining 10 (62.5%) in the intensive care unit (ICU). The causes of death were as follows: seven (43.8%) because of irreversible shock/ coagulopathy, five (31.3%) because of head injury, three (18.8%) because of multisystem organ failure, and one (6.2%) because of sepsis. The remaining 10 (38.5%) patients died in the ICU and belong to the CT group. Of these, three (30%) belong to the CT OA subgroup. The causes of death were as follows: seven (70%) because of head injury, two (20%) because of irreversible shock/coagulopathy, and one (10%) because of multisystem organ failure. No statistically significant difference was found when mortality rates among the two main groups were compared (p= 0.23) ( Table 1) . None of the patients experienced a cardiac arrest or died in the CT scanner and/or during their intrahospital transfers. An adjusted odds ratio stratified by injury severity was estimated for mortality among study groups. The stratified groups were severely injured (ISS, 16-24) and critically injured (ISS ≥ 25). The adjusted odds ratio was 0.53 (95% confidence interval, 0.26-1.06; p = 0.34), which shows that mortality does not increase if patient either receive a previous CT scan or go to the OR/angio suite. Furthermore, the stratum-specific odd for the critically injured subgroup (ISS ≥ 25) was 0.48 (95% confidence interval, 0.23-0.99), showing a protective effect for mortality of the CT scan. CT scans were attained in 47% of the HU patients and avoided surgery altogether in 54% of the cases. Furthermore, CT scan was helpful in deciding definitive/specific surgical procedures in 46% of the total scanned HU patients. Table 5 further divides the two main study groups by mechanism of injury into those experiencing blunt trauma from those experiencing penetrating trauma. We noticed that there were no significant differences among subcategory mortality rates according to mechanism of injury.
DISCUSSION
The Advanced Trauma Life Support Student Course Manual in its ninth edition states that CT scans are adjuncts to the secondary survey but often require transportation of the trauma patient to other areas of the hospital, where equipment and personnel to manage life-threatening contingencies may not be immediately available. Therefore, these specialized tests should not be performed until the patient has been carefully examined and his or her hemodynamic status has been normalized. 8 These statements are compounded by the common belief among experienced trauma surgeons that CT in the subset of HU severely injured trauma patients is a potential "tunnel to death." 9 This trend of thought has its roots in the potential loss of time needed to perform the scan, the difficulty of escalating care in a traditional CT scanner room where access to the patient is limited, there is generally poor lighting, the damage-control resuscitation equipment is deficient, and it may require the transport of patients to a considerable distance from the trauma room. In contrast, the advantages of performing a CT in a modern-day trauma room are earlier initiation of targeted, priority-oriented treatment, potentially converting the CT scanner into the "circle of life." 10 Recent studies have seriously placed in question the engrained dogma that "the HU severely injured trauma patient does not belong in the CT scanner." This is probably a consequence of a myriad of factors which include, among others, the ongoing evolution in damage-control resuscitation and the technological advances in today's scanners, which provide higher resolution in a shorter period. Furthermore, the integration of CT into early trauma care management has been shown to significantly increase the probability of survival of HU patients with blunt trauma. 11 The most common mechanism of trauma found in our study was penetrating. Therefore, to our knowledge, our study provides the first clinical evidence suggesting that CT has no negative effect on the outcome of the HU patient experiencing either blunt or penetrating injury.
Besides prehospital, operative, and critical care management, early in-hospital trauma room management is of paramount importance for the survival of major trauma patients. Therefore, an early, comprehensive, and rational diagnostic workup is necessary. CT can be part of such a workup. 12, 13 Its feasibility, speed, and accuracy have been proven in several recent studies. 10 These advantages have translated into earlier diagnosis and targeted operative/angiographic treatment. Huber-Wagner et al. 7 concluded that whole-body CT is the best diagnostic tool to detect the cause of shock in an early phase and introduced the term focused assessment with computed tomography in trauma (FACTT). Similarly, it has been concluded that the early and comprehensive information obtained by CT aids in the decision making of targeted operative interventions in 19% to 34% of cases of severely injured blunt trauma patients. 5, 14 The clinical information obtained from the CTs during initial trauma evaluations in our study altered the management decision of the treating trauma surgeon at our institution by appropriately diverting some blunt trauma patients (67%) and penetrating trauma patients (38%) away from operative intervention. CT eliminates the need for laparotomy in patients with gunshot wounds to the abdomen when it reveals the absence of intra-abdominal blood, when it documents that the missile never penetrates the peritoneal cavity, and/or when the projectile solely involves an intra-abdominal solid organ (liver/kidney/spleen) with no active extravasation of contrast. These are plausible and significant scenarios in which the CT scan can shed light and aids in the determination of operative versus nonoperative or angiographic management. In our study, 43 patients were managed nonoperatively, in which 14 were from penetrating injuries and of these 3 involved the liver.
A close distance of the CT scanner to the trauma room has a significantly positive effect on the probability of survival of severely injured patients and reduces the potential time delay in definitive treatment. 10, 15 To this point, our study revealed that the time delay inherent in obtaining a CT (OA group, 34 minutes; CT group, 60 minutes) did not result in an increased mortality and thus may be a safe decision that yields important clinical decision-making information. Taking this into account, the reproducibility of this study is subject to the availability of a nearby and updated CT scanner along with an experienced trauma team both in blunt and penetrating trauma.
It has been shown in previous studies that isolated vital signs including HR and/or blood pressure are unreliable in the assessment of hypovolemic shock in trauma patients. On the contrary, SI (defined as the ratio of HR to SBP) has been shown to be a pragmatic and useful tool for diagnosing hypovolemic shock even in the presence of a normal HR or blood pressure. 16 Sloan et al. 17 showed that trauma patients with an SI of greater than 1.0 were 2.3 to 3.1 times more likely to die by 28 days than were patients with SI values less than this cutoff (p < 0.001). Montoya et al. 18 were able to further expand on these findings and determined that an SI greater than 0.9 correlated with an early (<24 hours) mortality of 59.5% (p = 0.027). In our study, we found that the median SI in both the OA and CT groups were similar (1.3 vs 1.2) , indicating the high prevalence of hypovolemic shock in our cohort of patients.
The limitations of our study were the small number of cases examined and the limited size number of mortality outcomes, resulting in our inability to adjust the risk for other potential confounding variables different from the injury severity, through propensity score matching or multivariate analysis. Moreover, its retrospective nonrandomized nature and the lack of a preestablished institutional triage protocol that includes CT in HU trauma patients were integral limitations to our study. In addition, a possible inherent selection bias of the treating trauma surgeon may have limited and/or influenced our conclusions. Further studies with larger sample sizes and prospective designs are needed to verify our findings.
CONCLUSION
When managing HU severely injured trauma patients, a traditional diagnostic modality priority can be reconsidered because of advancements in technology, infrastructure, and resuscitation. Mortality rates among HU injured trauma patients who underwent CT scanning and those who did not failed to reach any statistically significant difference in our study. Furthermore, we were able to show that in 25% of cases (43 of 171), the inclusion of a CT in the workup of these patients avoided altogether any type of surgical and/or angiographic intervention. Our findings have seriously placed in question the engrained dogma that CT scans are not feasible for HU severely injured patients because such scans are time consuming and require the patient to be transported. This is probably a consequence of a myriad of factors, which include shorter scanning times, high image quality, the ongoing evolution in damage-control resuscitation, and the interfacility integration of the CT and resuscitation rooms in modern trauma centers. We are not suggesting that the pendulum should shift to the opposite side on this topic, but instead, with a proper patient selection, CT scans in a selected subset of severely injured blunt and penetrating trauma patients can aid the trauma surgeon in his or her surgical decision making. patients, especially in the penetrating group, did you not get an answer or make the diagnosis with X-ray and ultrasound in the trauma bay?
Second, I have some concerns with your definition of "unstable." Your definition included isolated tachycardia, which does not indicate instability and can be affected by multiple other factors such as pain and anxiety. Did you get any kind of attending surgeon impression about whether the patient was felt to be stable or unstable? As we all know, the real definition of stability is based on multiple factors and also on the surgeon's expert interpretation. I applaud you for doing this study, but I also would be very cautious about drawing any conclusions on managing the truly "unstable" patient from this data.
Dr. John Bilello (Fresno, California): I appreciate you pushing the envelope, as dangerous as it may seem to a lot of people here.
I was wondering did you or did you not look at base deficit because we have a study from our facility that shows if your base deficit, even if you are transiently hypotensive in the field, can determine that you are going to be hypotensive again in the scanner and your mortality will go up if that happens in the scanner when you are away from the hands of a caring surgeon?
Dr. Hasan B. Alam (Ann Arbor, Michigan): This is a very provocative paper. I think you guys have shown that in a mature trauma system you can do it and not lose patients.
I think the important thing is to again highlight the two groups are not matched groups. There was inherently something different about the ones that were taken to the operating room and the ones that were deemed, although with the hypotension and tachycardia, stable enough to spend another 30 minutes going to the scanner. And we cannot generalize these findings.
That's the concern that I have with presenting a paper like this-you take it from one very specific setting and the takehome message is that, you know, adding a CT scan that gives you pictures but doesn't have any therapeutic potential, it doesn't stop the bleeding, and you are adding more time to definitive care.
As I was able to read in your slide, it only added 30 minutes to get the CT scan done. The time between the two groups was 30 and 60 minutes to definitive care. And that, again, is not a reality in a lot of places where you are doing scanning of different body regions and repositioning the patients and all this stuff.
So my concern is with your title and your conclusions, but I think your data is compelling and very provocative. Good job.
Dr. Peter Tonui (Des Moines, Iowa): Congratulations on a well-done study which seems to kind of challenge the dogma from the EAST guidelines and also from ATLS.
I was wondering if the author is familiar with the Western Trauma Association reference to a hemodynamic instability scale with Grade I to II being a stable patient and Grade III being a patient with modest resuscitation guidelines to maintain stability and then IV and V being more severe instability.
I found that really useful in managing blunt abdominal trauma patients that I would like to get CT imaging on. And I do think the Western Trauma Association Guidelines will really back up the approach that you have taken.
Dr. Weidun Alan Guo (Buffalo, New York): In your study, you have more blunt trauma patients in the CT group than the OR group. How did you decide which patient would go to OR and which patient would go for CT? I am wondering if you have any selection bias or not. In addition, what kind of CT scan did you perform: head-to-toe pan scan or only abdominal/pelvic? It takes time to perform the pan scan.
Dr. Juan P. Herrera-Escobar (Cali, Columbia): Thank you all and thanks to Dr. Feliciano for all his valid comments and questions. We are proud to be here and your words encourage us to keep marching forward with our research. Being here is a validation of our extensive institutional team work.
Addressing your first question, there were only 20% of patients that were included in the study with the sole inclusion criteria of a heart rate > 100 and they were evenly distributed among both groups. The mean heart rate in both groups was greater than 110.
Answering your second question, damage control resuscitation was a cornerstone of our study and it included the concept of permissive hypotension. Forty percent of the patients of the CT group had systolic blood pressures less than 90 just before undergoing CT scanning. So the scan was performed while the patient remained permissively hemodynamically unstable as per a pre-established institutional protocol and under the watchful eye of a well-trained trauma team of nurses and physicians with the innate ability to respond to any adverse event in real time during transport to and from the scanner as well as inside the CT room.
Your third question or comment is valid and accurate. NISS is a superior scoring system in patients with penetrating abdominal trauma. We used ISS, but we are currently working on a new prospective study in which we are using NISS with the aim of validating its accuracy versus ISS in this subset of patients.
And for the final two questions of Dr. Feliciano: We consider that a FAST must be performed. We routinely perform a FAST in all our blunt and penetrating trauma patients, but we believe that a positive FAST exam in a hemodynamically unstable patient is not an absolute indication for laparotomy. An example of such a scenario is a gunshot wound to the right flank that solely penetrates the liver or kidney with positive hemoperitoneum. These cases can be managed non-operatively after delineating the trajectory of the projectile and the extent of the associated solid organ injuring via a corresponding CT scan.
As to all the other questions, we acknowledge that our study has some inherent bias and limitations. The retrospective nature of our study is one of them and that both groups are not perfectly matched according to their mechanism of injury is another. But we believe this is a first step towards a working algorithm that can define which patients could benefit from the inclusion of a CT to determine the optimal operative versus nonoperative therapy and therefore minimize the morbi-mortality associated with such a decision.
In conclusion, we prefer to spend a few more minutes in the CT scanner than increase the chances of being in the wrong body cavity with the wrong operative approach in the hemodymamically unstable severely injured trauma patient.
Thank you.
